INTRODUCTION
There are many different situations in obstetrics where there is the need for labor induction in women with unripe cervices. This indication stems from a situation where the continuation of pregnancy may be life-threatening for the mother and/or fetus. Such induction is frequently prolonged, exhausting and very often unsuccessful, resulting in a cesarean section. [1] [2] [3] [4] Among the pharmacological agents used for labor induction, oxytocin and prostaglandins are the most common. Several studies have shown that continuous intravenous infusion of oxytocin is less efficient, particularly when there are unfavorable cervical conditions, leading frequently to a cesarean section, because of induction failure. 2, 4, 5 In such cases, another pharmacological agent, perhaps a prostaglandin, should be used to favor cervical ripening, at least initially.
Several studies have been performed, especially in developed countries, using prostaglandin E2 (dinoprostone) gel for cervical ripening and labor induction, particularly in cases where the Bishop Index 6 is lower than seven, in which its effectiveness was shown. However, the widespread use of this drug is limited because of its high cost and thermal instability, which leads to difficult storage, plus the occasional need to use oxytocin after cervical ripening. 7, 8 In Brazil, this drug is not at present being marketed.
Misoprostol (Cytotec ® ), a synthetic E1 methyl analog prostaglandin, is at present receiving more attention as a cervical modifying agent and labor inductor, as it has the advantages of low cost, stability in relation to temperature, easy handling and storage, and also easy administration (vaginal or endocervical). [8] [9] [10] However, there is still a need to better establish its safety so as to avoid hyperstimulation syndrome, which could result in undesirable consequences for the newborn.
During the last few years, many studies have been carried out on live fetus pregnancies, to establish the best dose, administration route and interval between doses for this cervical ripening and labor induction drug and compare it to oxytocin and dinoprostone. 8, 11, 13 A meta-analysis performed in 1998 concluded that vaginal misoprostol seems to be more effective for cervical ripening and labor induction than the conventional methods. However, it emphasized the need for complementary studies in order to achieve safer results in relation to hyperstimulation syndrome and perinatal results. 14 According to the published studies, the vaginal dose of misoprostol that has shown greatest safety and efficiency for the mother and newborn is 25 µg at 4-6 hourly intervals. 1, 12, 17 In fact, a recent study on the pharmacokinetics of this drug showed that its serum levels, after vaginal administration, remain stable for at least 4 hours, suggesting that the ideal time interval between doses should be greater than 4 hours. 18 The incidence of cesarean deliveries is quite high in Brazil. Some of them take place because of elective anticipation due to maternal and/or fetal complications that are associated with a high level of unsuccessful oxytocin induction. 19 In view of this, a randomized controlled trial was proposed, in order to study the CONTEXT: Misoprostol, a synthetic E 1 methyl analog prostaglandin, is at present receiving attention as a cervical modifier and labor induction agent. However, there is still a need for better determination of its safety and effectiveness.
OBJECTIVE:
To compare intravaginal misoprostol versus intravenous oxytocin for cervical ripening and labor induction in pregnant women with unripe cervices.
safety and effectiveness of vaginal misoprostol given at four-hourly intervals for cervical ripening and labor induction, in comparison with oxytocin infusion, in pregnant women with unripe cervices and live fetuses.
METHODS
This was a randomized controlled clinical trial. The sample, 210 pregnant women requiring labor induction for any clinical and/ or obstetric reason, was selected between November 1998 and December 2000. The inclusion criteria were: medical indication for labor induction; singleton gestation; gestation age greater than 36 weeks; vertex presentation, intact membranes; Bishop Index less than 6; no labor occurring; and normal fetal heart rate. The exclusion criteria were: pelvic dystocia; estimated fetal weight greater than 4,000 g or evidence of cephalopelvic disproportion; placenta previa or any unexplained vaginal bleeding; parity > 5; fetal malformation; previous uterine scar; any situation when vaginal delivery was not indicated; and any contraindication to the use of misoprostol.
Sample size was calculated on the basis of the results from a previous study using misoprostol and oxytocin with the same objective. 2 Using an alpha error of 0.01 and a beta error of 0.05, the size of the sample was estimated as 105 women for each group.
After being interviewed, the women who met the eligibility criteria were invited to voluntarily participate in the study. Those who accepted were carefully informed of the aims and procedures of the study and then asked to sign the informed consent form. Following this, the fetal heart rate was monitored to ensure fetal wellbeing before the onset of induction. The random allocation procedure was determined by opening a sequentially numbered envelope, thereby determining whether that woman should receive either misoprostol or oxytocin. This random sequence was generated by computer and the investigator was unaware of the sequence.
For women receiving misoprostol, 25 µg were administered in the posterior fornix of the vagina. The dose was repeated every 4 hours, until a pattern of at least 3 contractions every 10 minutes was obtained. The maximum dose was 200 µg. If this contraction pattern had not been reached by four hours after the administration of the eighth dose, induction was considered to have failed. After the ideal pattern of contractions was reached, misoprostol was no longer administered.
For the women in the oxytocin group, an intravenous infusion of 2 mU/min was used, which was doubled at 30-minute intervals until the appropriate contraction pattern was obtained. The infusion dose was increased to a maximum of 20 mU/min, at which point it was then maintained constant. If the contraction pattern had not been induced by the time that 15 IU of oxytocin had been infused, the induction was also considered to have failed. Even after the ideal pattern was reached, oxytocin flow was continued.
As soon as the patients presented the desired contraction rate, monitoring of fetal heart rate and intrapartum uterine activity was performed. Amniotomy was carried out when the Bishop Index was greater than 7 and cervical dilation was greater than 6 cm.
In cases of tachysystole (6 or more contractions every 10 minutes) and uterine hypertonus/hypersystole (uterine contraction with a duration of 2 minutes or more), and in the absence of altered fetal heart rate monitoring, the reversion of such alterations was done by means of the usual procedures and, if necessary, tocolysis was used (terbutaline, 0.05 mg intravenously). In the cases where there was no reversion of the abovementioned alterations, or if hyperstimulation syndrome (tachysystole or uterine hypertonus/ hypersystole with abnormal fetal heart rate) or fetal hypoxia (thick meconium and/or fetal monitoring alteration) were also present, induction was interrupted and a cesarean section was performed.
For data analysis, the comparability of the groups was initially evaluated through the distribution of control variables, in order to check the randomization process. To verify the statistical significance of the differences between the groups, the chi-squared and Student t tests were used respectively for categorial or continuous variables. To evaluate Bishop Index changes, the latent period (time from the beginning of induction to the onset of labor) and the time from induction to vaginal delivery, survival analysis was used. The statistical significance was evaluated via the Kaplan-Meyer method, through the log rank test. For the main dependent variable (delivery type) and variables related to safety, the risk ratio and their corresponding 95% confidence intervals (CI) were calculated. Finally, for delivery type alone, the number needed to treat (NNT) and its 95% CI was also estimated. The value of statistical significance adopted was 5%.
This study received approval from the Institutional Review Board of the participating institution.
RESULTS
Out of the total of 210 women, 105 were randomly allocated to the use of misoprostol and 105 to oxytocin. In order to demonstrate the randomization process for the groups, the results from the control variables are presented. No significant differences between the groups concerning age, parity, race, marital status, family income, initial Bishop Index and number of prenatal visits were observed. The most common indication for labor induction was postterm pregnancy in both groups (Table 1) .
When the groups were analyzed in relation to the mean time between the beginning of induction and the onset of labor, there was a significant statistical difference. Labor (3 contractions per 10 minutes) started on aver- All values are means ± standard deviation (SD). In the misoprostol group, 81% of women delivered vaginally within 24 hours from the start of induction and the same occurred for 62% in the oxytocin group. When induction success within the first 12 or 18 hours was evaluated, the percentage was significantly higher for the misoprostol group. Vaginal delivery occurred in 81% of the women in the misoprostol group versus 64% in the oxytocin group, which was also a significant difference (Table 3) . Using misoprostol for cervical ripening and labor induction represented a 47% reduction in the risk of having a cesarean section (risk ratio = 0.53) and this also represented the fact that almost 6 cases would have to be treated with misoprostol instead of oxytocin in order to avoid one cesarean section (number needed to treat = 5.8).
In the oxytocin group there were 13 cases of failed induction while in the misoprostol group there was only one. When prevalence of abnormal uterine contractions between the groups was analyzed, tachysystole was more prevalent in the misoprostol group, with statistical significance: there were 27 cases in the misoprostol group versus 9 in the oxytocin group. Prevalence of fetal hypoxia was higher in the misoprostol group. There were 14 cases in the misoprostol group versus 10 in the oxytocin group, presenting no statistical significance (Table 4) .
Among all the newborns, there were 43 cases of neonatal morbidity (evaluated through their admission to the intensive care unit, number of days of hospitalization and respiratory alterations), 21 in the misoprostol group and 22 in the oxytocin group, which presented no significant difference. When Apgar Index < 7 at the fifth minute of life was analyzed, one case in the misoprostol group and 2 in the oxytocin group were found, again presenting no statistical significance. The survival analysis showed that the period from the beginning of induction until vaginal delivery was significantly shorter in the misoprostol group (Figure 1) .
DISCUSSION
This study showed that a vaginal 25 µg dose of misoprostol at four-hourly intervals might be a more effective agent than oxytocin for cervix ripening and labor induction, for term and post-term pregnant women with unripe cervices.
The present study showed that the average time interval to the onset of labor and also to the occurrence of vaginal delivery was significantly shorter in the misoprostol group. These same results have also been found by many other authors.
2,11 Campos et al. 2 studied misoprostol (50 µg, single dose, vaginally) and oxytocin (2 to 32 mU/min) and found an average of 552 min to the beginning of labor for the misoprostol group, versus 745 min for the oxytocin group, presenting statis- tical significance. These findings are consistent with our results. An American study 3 demonstrated that the average time interval until the occurrence of vaginal delivery was also shorter for misoprostol (50 µg at four-hourly intervals) than for oxytocin (11 hours versus 18), presenting statistical significance. In Turkey, another study showed the same result, presenting quite similar averages when compared to this study (9 hours versus 15).
11
The average differences in these intervals are related to the dose, route and administration interval. There are also some studies on pregnant women with favorable cervices for induction or previous administration of dinoprostone before the start of induction. 3, 11 Some comparative studies between these two drugs have shown that the incidence of cesarean sections is higher in the oxytocin group, [2] [3] [4] [5] and this was also shown in our investigation: the rate was almost doubled for the oxytocin group. Other authors have found higher rates in the misoprostol group, giving statistical significance. Such occurrences might be explained by higher doses and/or shorter administration intervals, which may be associated with a higher incidence of abnormal uterine contractility and meconium. 1, 2 In our study, there were 14 cases of failed induction, 13 of them in the oxytocin group, showing a statistically significant difference between the groups. This was also found in the study by Kadanali et al.
Our study showed no differences between the groups regarding Apgar index at the fifth minute of life and perinatal results. The majority of studies have shown that when perinatal results are evaluated by means of Apgar score, cord pH, admission to intensive care unit, number of days of hospitalization, meconium passage syndrome or hyperbilirubinemia, there are no differences between the groups, which confirms the findings of the present study. 2, 4, 11 In relation to uterine hypercontractility, only tachysystole was different between the groups: it was more prevalent in the misoprostol group. However, there is disagreement between studies concerning uterine hypercontractility. Some studies report greater incidence of uterine hypertonus and hyperstimulation syndrome. 1, 4 Again, the hypothesis is that the dose, interval and administration route are involved in this response. Moreover, it is inferred that the tachysystole occurring with the use of misoprostol does not involve alterations in fetal vitality, because uterine tonus does not change. This was shown in the study by Campos at al., 2 which monitored the intrauterine pressure in some women and found that the average intensity of the contractions and the uterine tonus did not differ between the two groups (misoprostol versus oxytocin).
The findings of alterations in uterine contractility and possible undesirable effects on the fetus have been leading researchers to perform more studies to check that the use of misoprostol does not necessarily imply the occurrence of hyperstimulation syndrome. Such a need was emphasized in the latest systematic update review published in the Cochrane Library. 14 The first investigation done by Wing et al. 1 was based on the same dose and administration interval as previously used by SanchezRamos (1993). 3 There was significantly higher incidence of tachysystole and meconium passage syndrome with misoprostol (50 µcg every 3 hours) than with dinoprostone. A second study was performed by Wing et al. 20 , with the modification of the dose to 25 µg every 3 hours, and even though the high incidence of tachysystole persisted, it was not associated with a significant increase in adverse neonatal results.
With these conclusions, these same authors made a third study, attempting to find the best dose interval for minimizing the contractile problem. They compared 25 µg of misoprostol every 3 hours with a six-hour interval and concluded that the three-hour protocol was better in relation to the shorter time interval until vaginal delivery. Less oxytocin was needed and there was a lower incidence of induction failure. They also observed that tachysystole took place on average 4.4 hours after the first dose in the three-hour protocol group, suggesting the need for evaluation of this administration interval. 10 These clinical findings are in conformity with reported time intervals for serum level maintenance for misoprostol administered by the vaginal route, in studies on its pharmacokinetics. 12 This is exactly what was performed in this study: the evaluation of misoprostol for labor induction with a dose of 25 µg every 4 hours.
Limitations do exist in this study. It could not be carried out in a double-blind way, for obvious reasons (the application of the two methods differ), which may have caused a bias. Although physicians evaluating the patients during labor may have been aware of the patient's group, it is unlikely that the outcomes from the study would have been affected by this. Another limitation is that the dose and administration interval were empirical, based on the experience of other authors. In spite of this, the results from this study are quite favorable towards the use of misoprostol as a modifying agent of the cervix and for inducing labor.
However, there is still a lot to learn about misoprostol and its use in obstetrics. It is not known whether lower doses or a single dose would produce the same effect. Should the first dose be vaginal (to act directly on cervix ripening) and, if necessary, the next ones be administered orally?
8 Do ethnic and metabolic differences in populations influence the dose used?
On the basis of published studies, it needs to be decided when and under what circumstances misoprostol should be used. In cases of unripe cervices, the use of misoprostol could produce several beneficial effects, particularly a decrease in the incidence of cesarean sections.
CONCLUSIONS
This study shows favorable results regarding the use of misoprostol as a modifying agent of the cervix and for inducing labor. Investigations need to be continued, in order to find the smallest useful dose that facilitates cervix ripening and labor induction without causing any uterine contractility alteration or harm to the fetus. 
